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حاتملامفلالوسغلتابسرتلاوايريتكبللةداضملاةيلاعفلامييقت:ثحبلافادهأ
موينيديريبليتيسديرولكونيجورديهلاديسكوريبورابصلاىلعيوتحملاايًراجت
.مايأ4ةدملتابسرتلاومنةداعإةساردللاخنم

ددعل)4مويلاو0مويلا(ةيباعللاتانيعلاوتابسرتلاةجردمييقتمت:ثحبلاقرط
ميسقتمت.مايأ4ةدملعارذلاةيزاوتمةطبضنمةيئاوشعةبرجتيفاكراشم96
ةرتفللاخةداتعملامفلاةفاظنريبادتنعتعنتماتاعومجمسمخىلإنيكراشملا
وأرابصلاىلعيوتحييذلاوايراجتحاتملامفلالوسغاومدختساوةساردلا
ءاملاعمرابتخاتاجتنمكموينيديريبليتيسديرولكوأنيجورديهلاديسكوريب
.يباجيإمكحترصنعكنيديسكيهرولكلامفلالوسغويبلسمكحترصنعكرطقملا
ةقيرط(ةرمعتسمليكشتتادحوكيباعللايريتكبلادعلانعريبعتلامت
.)عارزتسلاا

نيبيباعللايريتكبلادعلاوتابسرتلاةجرديفريبكقرفكانهناك:جئاتنلا
يريتكبلادعلاوتابسرتلاةجردتناك.ةساردلانمعبارلامويلايفمفلاتلاوسغ
ريثكبىلعأورطقملاءاملانمريثكبلقأرابصلاىلعيوتحملامفلالوسغليباعللا
ىلعيوتحملامفلالوسغلتابسرتلاةجردتناك.نيديسكيهرولكلامفلالوسغنم
لوسغورابصلاىلعيوتحملامفلالوسغنمريثكبىلعأنيجورديهلاديسكوريب
مفلالوسغنيبقرفيأظحلايمل.موينيديريبليتيسديرولكىلعيوتحملامفلا
يباعللايريتكبلادعلا،اضًيأ.موينيديريبليتيسديرولكورابصلاىلعيوتحملا
قرفكانهنكيمل.موينيديريبليتيسديرولكنمىلعأناكنيجورديهلاديسكوريبل
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ديسكوريبورابصلاىلعيوتحملامفلالوسغليباعللايريتكبلادعلانيبيئاصحإ
نمدحللقرفيأظحلايملموينيديريبليتيسديرولكورابصلاوأنيجورديهلا
ىلعيوتحملاايراجتحاتملامفلالوسغنيبيباعللايريتكبلادعلاوتابسرتلا
.موينيديريبليتيسديرولكونيجورديهلاديسكوريبورابصلا

مفلالوسغلايريتكبللةداضملاوكلابللةداضملاةيلاعفلاتناك:تاجاتنتسلاا
ديرولكىلعيوتحملامفلالوسغـلةلثاممرابصلاىلعيوتحملاايراجتحاتملا
ديسكوريبىلعيوتحملامفلالوسغنمريثكبلضفأوموينيديريبليتيس
.ايئايميكعونصملامفلالوسغلايعيبطلايدبنوكتنأنكمملانمونيجورديهلا

ليتيسديرولك؛نيجورديهلاديسكوريب؛ةيريرسةبرجت:ةيحاتفملاتاملكلا
يويحءاشغ؛تابسرتلاداضم؛موينيديريب

Abstract

Objectives: To evaluate the antiplaque and antibacterial

efficacy of commercially available mouthwashes con-

taining aloe vera (AV), hydrogen peroxide (HP), and

cetylpyridinium chloride (CPC) in a 4-day plaque

regrowth study.

Methods: Plaque score and salivary samples were

assessed (Day-0 and Day-4) in 96 participants in a

randomised, double-blind prospective parallel-arm 4-day

plaque regrowth study. Participants were divided into five

groups who refrained from engaging in regular oral hy-

giene measures during the study period and used

commercially available mouthwashes containing AV, HP,

and CPC as test products with distilled water (DW) and

chlorhexidine (CHX) mouthwash as negative and positive

controls, respectively. Salivary bacterial count was

expressed as colony-forming units (CFU) (culture

method).
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Results: There was a significant difference both in plaque

score (p < 0.001) and in CFU (p < 0.001) among the

study mouthwashes at Day-4. The plaque score and CFU

of AV were significantly higher and lower than those of

CHX and DW, respectively. The plaque score of HP was

significantly higher than that of AV (p ¼ 0.016) and CPC

(p < 0.001). No significant difference was observed be-

tween AV and CPC (p ¼ 0.70). Moreover, the CFU of

HP was significantly higher than that of CPC (p ¼ 0.04).

There was no statistically significant difference between

the CFU of mouthwashes containing AV and HP

(p ¼ 0.912) or AV and CPC (p ¼ 0.280). No significant

difference was seen in the inhibition of plaque and sali-

vary bacterial count between AV, HP, and CPC.

Conclusion: The antiplaque and antibacterial efficacy of

commercially available AV mouthwash was similar to

that of CPC and significantly better than that of HP

mouthwash and can be a natural alternative to chemically

formulated mouthwashes.

Keywords: Antiplaque; Biofilm; Cetylpyridinium chloride;

Clinical trial; Hydrogen peroxide

� 2021 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Microbial dental plaque is a tenaciously adhering biofilm
that grows intra-orally on hard and soft tissues.1 Bacterial
colonies can accumulate on tooth surfaces and lead to

periodontal disease.2 Gram-positive aerobic bacteria are
early colonisers of dental plaque, followed by gram-negative
anaerobic and fusiform bacteria.3,4 The primary goal of
periodontal disease prevention is plaque reduction.5

Although tooth brushing is the most reliable source for
mechanical plaque control, factors such as lack of manual
dexterity, skill, or motivation hamper its effectiveness.6

Hence, chemical antiplaque agents in various formulations
have been introduced to improve oral health. Rinsing with
mouthwashes is easier to perform than tooth brushing, and

it aids in controlling supragingival plaque and gingivitis
along with mechanical plaque control.7

Although chemical plaque control measures help main-

tain oral health, they come with a fair share of side effects.8e

10 Therefore, there is a constant quest for mouthwashes with
comparable efficacy and fewer side effects. In recent times,
much emphasis has been placed on natural products that

can aid oral hygiene with minimal or no side effects. Aloe
vera (AV) is a naturally occurring plant and has been
reported to have several medicinal properties.11e14 Aloe

vera has been widely used medicinally, yet there is little
and inconclusive evidence of its antiplaque and
antibacterial efficacy.15 Hydrogen peroxide (HP) is

another compound that acts on microorganisms by
releasing nascent oxygen and has several therapeutic uses,
including antiplaque, anti-inflammatory, and antimicrobial
activity.16

Although these formulations have been studied for their
antiplaque and antibacterial activities, most studies have
examined their use in conjunction with regular mechanical

plaque control measures. There is thus limited evidence on
the efficacy of these commercially available mouthwashes in
inhibiting de-novo plaque regrowth using a non-brushing

model, which warrants exploration. Therefore, the objec-
tive of this study was to evaluate the antiplaque and anti-
bacterial efficacy of commercially available mouthwashes
containing aloe vera, hydrogen peroxide, and cetyl pyr-

idinium chloride in a 4-day plaque regrowth study.

Materials and Methods

Study population and design

This was a randomised, double-blind, placebo-controlled,

prospective parallel-arm clinical and microbiological trial
(Figure 1). All participants were informed about the study
and provided their written consent before participating in

the study. All participants included in the study were
undergraduate dental students at our institute who met the
selection criteria: falling within the age group of 18 to 25

years, having an erupted dentition with at least 20
evaluable teeth (minimum five teeth per quadrant), and
being willing to participate and follow the schedule. Those

excluded had a history of smoking, tobacco consumption,
scaling in the past three months; had participated in similar
investigations in the past four weeks; or had evidence of
gingival inflammation, periodontitis, untreated dental

caries, and removable or fixed prosthesis and orthodontic
appliances. Those with systemic disease/conditions
(diabetes mellitus, xerostomia, oral desquamative lesions,

or those who were immunocompromised or physically or
mentally challenged) that might influence the conduct of
the study, who had used antibiotics within three months of

the baseline, had known allergies to any mouthwash,
pharmaceutical products, or components in the test
products and who had used any mouthwash in the past
four weeks were also excluded. Pregnant women and

lactating mothers were not included.

Sample size determination

A-priori analysis conducted using a software program17

at the 5% significance level with a power value of 0.8 and

effect size of 0.4 estimated the total sample size to be 80.
Since there were five groups, each group was allocated with
twenty participants considering a ten percent probable loss

to follow-up.

Study procedures

The clinical trial comprised the screening stage and data
collection at baseline (Day-0) and Day-4. During the
screening visit, the participants’ detailed medical history was

assessed, and oral examination was conducted by a single

http://creativecommons.org/licenses/by-nc-nd/4.0/


Figure 1: CONSORT flow Chart.
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examiner (RS) who determined the participants’ eligibility

for the study and enrolled them into the trial according to the
inclusion criteria. The study was preceded by thorough
prophylaxis by the same experienced examiner one week

prior to the allocation, and the participants were asked to
continue with their regular oral hygiene measures until
further instructions.

Randomisation, concealment, and allocation

A lottery method was used to randomly allocate mouth-
washes and code numbers to identify participants

throughout the study. Two independent designated faculty
members assigned a unique code (bearing mouthwash type
and participant number) at the institute. The faculty member
then carefully sealed each code in separate identical enve-

lopes and dispensed 80 ml of study mouthwashes according
to the code in identical amber colour bottles, which were
indistinguishable in terms of colour, packaging, and label-

ling. Participants were assigned to either Group I (DW):
distilled water (Negative control); Group II (CHX): 0.2%
chlorhexidine gluconate containing mouthwash (Clohex�,

Dr Reddy Laboratories Ltd, India (Positive control)); Group
III (AV): 20% aloe vera containing mouthwash (The Natural
Dentist�, Revive Personal Products Company, NJ, USA);

Group IV (HP): 1.5% hydrogen peroxide containing
mouthwash (Colgate� Peroxyl�Mouth Sore Rinse, Colgate
Palmolive Company, NY, USA); or Group V (CPC):
0.075% cetylpyridinium chloride containing mouthwash
(Colgate Total� advanced Pro-shield �, Colgate Palmolive

Company, NY, USA). Only the two previously designated
faculty members at the institute, who were not the study
investigators, were aware of the codes used for the actual

identification of participants and mouthwashes.
On Day-0, each participant opened a sealed envelope to

receive the code. Plaque scores were recorded following a
plaque disclosing agent (PLAKSEE MD, ICPA, Anklesh-

war, India), and salivary samples were collected in the
morning on Day-0 and Day-4. The disclosed plaque was
recorded by a single examiner (NP) from four surfaces

(mesiobuccal, buccal, distobuccal, lingual/palatal) of all fully
erupted permanent teeth, excluding the third molars using a
plaque index.18 For the collection of unstimulated saliva, the

same examiner (NP) asked the participants to sit
comfortably upright and slightly lean forward and tip their
heads down to pool saliva in their mouth, thus allowing
the saliva to drip from the lower lip into a graduated sterile

container (Drooling method)19 to collect two ml of saliva.
After data at baseline (Day-0) were collected, each

participant was provided with a bottle containing the study

mouthwash labelled with their code and was asked to refrain
from tooth brushing, flossing, or any other mechanical oral
hygiene maintenance measures during the study period.

During that period, participants were instructed to rinse
10 ml of the allocated mouthwash for 30s twice daily (in the
morning and evening after eating) and not to rinse with

water. Moreover, participants were instructed to avoid
rinsing their mouths with water or eating food during the
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first hour after rinsing with the allocated mouthwash. On
Day-4, participants reported for data collection and returned

their allocated bottles.
A clinical coordinator (RM) who was not involved in the

randomisation or allocation sent a telephone message to

each participant every day during the study period to
remind them to rinse and to immediately report the occur-
rence of any side effects or adverse events. They were

interviewed and examined to record their reported side ef-
fects or adverse events.

Microbiological assessment (salivary bacterial count)

The collected salivary samples were code-labelled and

immediately transported to the Department of Microbiology
for further processing by the microbiologist (AKP) within
4 h. The Miles and Misra Method20 was used to determine
the number of CFU of bacteria in the salivary samples.

Serial dilution of the inoculums was conducted using
phosphate buffer saline (1X to 9X). All culture plates
(Nutrient agar, MacConkey agar and blood agar (Hie
Media Laboratories Pvt. Limited, Mumbai, India)) were
inoculated with each dilution. Using spread plate
techniques, 20 ml inoculum drops were absorbed in the

culture plates and were allowed to dry for 15e20 min. All
culture plates were evenly divided into eight sectors and
appropriately labelled to facilitate their traceability. In
each sector, 1 � 20 ml of the dilution was dropped onto the

surface of the agar to allow drop spread. Care was taken
not to touch or contaminate the surface of agar in the
culture plates and they were incubated at 37 �C for 18 to

24 h. Colonies were counted with a magnifying colony
counter. Each sector was observed for growth of
microorganisms. A luxuriant growth was observed at

higher concentrations throughout the drop area, and tiny
colonies were frequently united. Colonies were identified
and counted in the sector with the largest concentration of

full-size discrete colonies. To increase the certainty of the
results, the average reading of three plates was considered.
The number of colony-forming units (CFU) per ml from the
original aliquot per sample was calculated by multiplying the

colony count for a dilution with 50 times the dilution factor.

Statistical analysis

The collected data were analysed using a statistical soft-
ware package (IBM SPSS Statistics 20, Chicago, Illinois,

USA). The distribution of variables was checked as per the
ShapiroeWilk test for normality. An intra-examiner reli-
ability and reproducibility assessment of the single expert

examiner (NP) who recorded the plaque score was carried
out using repeated measurements (30 min interval) and
Table 1: Demographic characteristics of participants.

DW (n ¼ 19) CHX (n ¼ 20) AV (n

Mean SD Mean SD Mean

Age (years) 20.68 1.25 20.80 1.51 20.32

Male/Female 12/7 12/8 6/13

DW ¼ Distilled water; CHX¼ Chlorhexidine; AV ¼ Aloe vera; HP¼
Wallis test; # Chi Squared Test; n ¼ No. of participants; SD ¼ Standa
yielded a satisfactory score (k > 0.8). The KruskaleWallis
test was used to compare the mean differences in age

among the five groups. A Chi Square Test assessed the dif-
ference in the distribution of gender. A one-way analysis of
variance (ANOVA) was used to compare the scores between

the groups. Once it was established that significant differ-
ences existed between the mouthwashes, a post-hoc Tukey’s
test was carried out for multiple comparisons to determine

which group differed from the others. Additionally, the
Student’s paired t-test was used to compare observations
within the study group before and after the intervention. The
significance level was set at p � 0.05.

Results

Study population

Of the 350 screened participants, 100 participants were

enrolled in our study. After the start of the study, four par-
ticipants could not continue due to personal reasons. The
remaining 96 participants (45 males, 51 females; age range,

18e23 years; mean 20.58 � 1.18 years) completed the rinsing
regimens in a satisfactory manner without any severe side
effects. Table 1 presents the demographic characteristics of
the participants. There were no statistically significant

differences in the age of participants or the gender
distribution among the five treatment groups.

Plaque score

There was no statistically significant difference in mean
plaque score (p¼ 0.794) among the five groups at baseline, but
the difference was statistically significant (p< 0.001) atDay-4,

with the mean plaque score being highest in the negative
control group (distilled water) and lowest in the positive
control (CHX) group (Table 2).Among the testmouthwashes,
the plaque score with HP (4.13 � 0.25) was highest and was

followed by AV (3.75 � 0.45) and CPC (3.60 � 0.42). A
post-hoc analysis (Table 3) of Day-4 revealed that the plaque
score of AV was significantly lower than that of HP

(p ¼ 0.016) and comparable to that of CPC (p ¼ 0.70). In
addition, the plaque score of HP was significantly higher than
that of CPC (p < 0.001). There was a statistically significant

increase (p < 0.001) in the plaque scores of all mouthwashes
onDay-4 in comparison to baseline (Table 4), and the increase
was observed to be lowest with CHX (Figure 2), indicating the
highest inhibition of plaque growth from baseline. Multiple

comparisons revealed that there was no statistically
significant difference in the inhibition of plaque from
baseline by the AV mouthwash when compared with HP

(p ¼ 0.147) and CPC (p ¼ 0.68) (Figure 2).
¼ 19) HP (n ¼ 19) CPC (n ¼ 19) P value

SD Mean SD Mean SD

1.11 20.63 1.01 20.47 0.96 0.597*

12/7 9/10 0.222#

Hydrogen peroxide; CPC¼ Cetylpyridinium chloride; * Kruskale

rd Deviation; Significant at p < 0.05.



Table 2: Comparison of plaque score and salivary bacterial count (CFU x 105) at baseline and at Day-4.

Parameter Time point Group Mean SD 95% CI p value*

Lower Upper

Plaque Score At Day-0

F ¼ 0.42; df ¼ 4

DW 0.31 0.23 0.20 0.42 0.794

CHX 0.33 0.17 0.25 0.41

AV 0.32 0.07 0.28 0.35

HP 0.37 0.19 0.28 0.47

CPC 0.35 0.18 0.26 0.43

At Day-4 F ¼ 55.59; df ¼ 4 DW 4.64 0.24 4.53 4.76 <0.001

CHX 2.99 0.40 2.80 3.17

AV 3.75 0.45 3.53 3.97

HP 4.13 0.25 4.01 4.25

CPC 3.60 0.42 3.39 3.80

Salivary Bacterial Count

CFU (X 105)

At Day-0

F ¼ 0.31; df ¼ 4

DW 24.00 2.60 22.75 25.25 0.873

CHX 23.75 2.22 22.71 24.79

AV 24.58 2.52 23.36 25.80

HP 24.16 2.43 22.99 25.33

CPC 24.21 2.30 23.10 25.32

At Day-4 F ¼ 27.52; df ¼ 4 DW 53.84 3.67 52.07 55.61 <0.001

CHX 38.65 2.80 37.34 39.96

AV 45.58 2.81 44.22 46.94

HP 46.89 8.27 42.91 50.88

CPC 42.53 3.91 40.64 44.41

DW¼Distilled water; CHX¼Chlorhexidine; AV¼Aloe vera; HP¼Hydrogen peroxide; CPC¼Cetylpyridinium chloride; CFU¼Colony

Forming Unit * One way ANOVA; SD ¼ Standard Deviation; CI ¼ Confidence Interval; Significant at p < 0.05.
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Salivary bacterial count

The salivary bacterial count was expressed as the number
of colony-forming units (CFU x 105). There was no
Table 3: Postehoc multiple comparisons of plaque score and salivar

Parameter GP DW CHX

Mean Diff p value* Mean D

Plaque Score CHX �1.66 < 0.001

AV �0.89 < 0.001 0.76

HP �0.52 < 0.001 1.14

CPC �1.05 < 0.001 0.61

Salivary Bacterial Count

CFU (X 105)

CHX �15.19 < 0.001

AV �8.26 < 0.001 6.93

HP �6.95 < 0.001 8.25

CPC �11.32 < 0.001 3.88

DW¼Distilled water; CHX¼Chlorhexidine; AV¼Aloe vera; HP¼Hy

Forming Unit; *Tukey’s Test; SD ¼ Standard Deviation; * Significant

Table 4: Comparison of plaque score and salivary bacterial count (C

Parameter Group Mean Differe

Plaque Score DW 4.34

CHX 2.66

AV 3.43

HP 3.75

CPC 3.25

Salivary Bacterial Count CFU (X 105) DW 29.84

CHX 14.90

AV 21.00

HP 22.74

CPC 18.32

DW¼Distilled water; CHX¼ Chlorhexidine; AV¼Aloe vera; HP¼H

forming unit; * Student’s paired t-test; SD ¼ Standard Deviation; CI
statistically significant difference (p ¼ 0.873) among the five
groups at baseline, but the difference was statistically sig-
nificant (p < 0.001) at Day-4, with the salivary bacterial

count highest in the negative control group (distilled water)
y bacterial count (CFU X 10
5
) at Day-4.

AV HP

iff p value* Mean Diff p value* Mean Diff p value*

< 0.001

< 0.001 0.38 0.016

< 0.001 �0.15 0.70 �0.53 <0.001

< 0.001

< 0.001 1.32 0.912

< 0.001 �3.05 0.280 �4.37 0.04

drogen peroxide; CPC¼Cetylpyridinium chloride; CFU¼Colony

at p < 0.05.

FU x 10
5
) for each group between Day-0 and Day-4.

nce SD 95% CI Diff t *p value

Lower Upper

0.39 4.15 4.53 48.51 <0.001

0.43 2.45 2.86 27.7 <0.001

0.43 3.22 3.64 34.54 <0.001

0.34 3.59 3.92 48.24 <0.001

0.52 3 3.5 27.05 <0.001

5.11 27.38 32.31 25.44 <0.001

3.75 13.14 16.66 17.75 <0.001

3.67 19.23 22.77 24.96 <0.001

7.62 19.06 26.41 13.00 <0.001

4.26 16.26 20.37 18.76 <0.001

ydrogen peroxide; CPC¼Cetylpyridinium chloride; CFU¼ Colony

¼ Confidence Interval; Significant at p < 0.05.



((a)a) ((b)b)

Figure 2: Postehoc multiple comparisons of (Day-4 e Day-0) difference in (a) Plaque score and (b) CFU (X 105) among the mouth-

washes, DW ¼ Distilled water; CHX¼ Chlorhexidine; AV ¼ Aloe vera; HP¼ Hydrogen peroxide and CPC¼ Cetylpyridinium chloride

(*Tukey’s test; p < 0.05).
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and lowest in the positive control (CHX) group (Table 2).
Among the test mouthwashes, the salivary bacterial count
with HP (46.89 � 8.27) was highest, followed by AV

(45.58 � 2.81) and CPC (42.53 � 3.91). A post-hoc anal-
ysis (Table 3) of Day-4 revealed that the salivary bacterial
count with HP was significantly higher than that with CPC
(p ¼ 0.04) and there was no statistically significant difference

in the salivary bacterial count between AV and HP
(p ¼ 0.912) or AV and CPC (p ¼ 0.28). There was a statis-
tically significant increase (p< 0.001) in the salivary bacterial

count with all mouthwashes on Day-4 in comparison to the
baseline (Table 4), and the increase was observed to be lowest
with CHX (Figure 2), indicative of the highest inhibition of

bacterial growth from the baseline. Multiple comparisons
revealed that there was no statistically significant difference
in the inhibition of salivary bacterial growth from the

baseline by AV mouthwash when compared with HP
(p ¼ 0.0.83) and CPC (p ¼ 0.488) (Figure 2). Moreover, no
significant differences were observed between HP and CPC
(p ¼ 0.065).

Discussion

This randomised, double-blind, parallel group study was
undertaken to assess the antiplaque and antibacterial efficacy

of three commercially available mouthwashes containing
aloe vera, hydrogen peroxide, and cetylpyridinium chloride
on a 4-day plaque regrowth model. The mouthwashes con-

taining AV and CPC exhibited similar and better antiplaque
and antimicrobial efficacy compared to the mouthwash
containing HP. CHX, which was included as a positive
control, demonstrated the highest antiplaque and antimi-

crobial activity. Similarly, as expected, distilled water, taken
as a negative control, showed the least antiplaque and anti-
microbial activity.

The 4-day plaque regrowth experimental model employed
in the study has been accepted in the literature to study the
antiplaque efficacy of several oral hygiene products.21e23 The
efficacy of this model is based on the fact that there is a
measurable accumulation of undisturbed growth of
microbial plaque in the absence of oral hygiene practices

(non-brushing model).24

In our study, mouthwash containing chlorhexidine was
used as a positive control as in several previous studies for
comparison with other mouthwash formulations or prod-

ucts.25e28 CHX is considered the gold standard owing to its
superior antiplaque and antimicrobial efficacy.29,30 It is
helpful to include the most efficacious and widely used

products in comparative studies for greater validity. Our
study demonstrated that chlorhexidine was the most effective
antiplaque and antimicrobial agent, in accordance with the

results of previous studies.31,32 In their study, Roberts et al.33

showed that a single rinse with CHX could reduce oral flora
from 50% to 90% for several hours. Our study also

demonstrated the effective antiplaque and antibacterial effect
of CPC, which is a quaternary ammonium compound with a
similar cationic surface-active agent to that of CHX.34,35

CPC is also a formulation that is widely used in lieu of CHX

as an antiplaque and antimicrobial agent.
The present study reported the antiplaque and antimi-

crobial efficacy of HP mouthwash to be the lowest compared

to other test mouthwashes. Macperson et al.36 reported a
one-third reduction in plaque accumulation with one
percent hydrogen peroxide used under pressure for 15s

compared to plain water rinsing. Our findings showed a
similar decrease in plaque accumulation with the use of HP
mouthwash. Hydrogen peroxide is more effective in anaer-
obic infections37,38; therefore, our study revealed the minimal

effect of HP in inhibiting day-four plaque and salivary bac-
terial load, as the microflora was mostly aerobic.39,40

However, studies by Donna et al.,41 Grundeman et al.,42

Maruniak et al.,43 and Jhingta et al.44 showed that the use
of HP in addition to CHX is very beneficial in lowering
plaque and preventing stain. In a recent systematic review,

Muniz et al.16 reported little differences in the antiplaque
efficacy of HP and negative controls.
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Mouthwashes containing CHX and CPC have been re-
ported to have several disadvantages owing to which the

search for herbal alternatives has been a prevalent research
interest for quite some time now. Several herbal or plant ex-
tracts have been tested as antiplaque and antimicrobial

agents, such as Azadirachta indica,45 Terminalia chebula,46

Piper betle,47 and Ocimum sanctum.48 These herbal or plant
extracts possess several medicinal properties such as

antibacterial, antiplaque, and ulcer-healing properties.49

Among these formulations, aloe vera has shown antiplaque
and antimicrobial effects. While most studies have used
non-standardised aloe vera formulations, a commercially

available mouthwash containing aloe vera was tested in our
study. The results of the present study indicated that AV
mouthwash was able to inhibit plaque growth; this is in

concurrence with the study by Haffajee et al., 50 and it was
found that the herbal mouthwash (though less effective
than CHX) was efficient in inhibiting oral biofilm, mostly

the Actinomyces species, T. forsythia, E. nodatum, and
P. intermedia. Karim et al.51 used 100% aloe vera and
found no difference between CHX and aloe vera
mouthwashes in terms of their antiplaque and anti-

inflammatory efficacy. In a similar study, Gupta et al.52

found no statistically significant differences in the
antiplaque efficacy of mouthwashes containing aloe vera

and CHX in a 4-day plaque regrowth model, stating that
aloe vera was as efficient as chlorhexidine with no side effects.

The findings of our study are not in agreement with those

of the studies conducted by Karim et al.51 and Gupta et al.,52

who found that aloe vera was as efficacious an antiplaque
agent as CHX. In contrast, our study shows that AV is less

effective than CHX. This could be because we used a 20%
extract as compared to the 100% aloe vera extract as used
in their study. Further, while the substantivity of CHX is
adequately documented and is one of the critical elements

in its antiplaque efficacy, the substantivity of aloe vera is
still unclear.

Our study showed a significant inhibition of salivary

microflora count by the mouthwash containing aloe vera
compared to the negative control. The antimicrobial effect of
aloe vera was reported by Lee et al.49 in an in-vitro study in

which they demonstrated that AV was effective in inhibiting
a wide range of oral microorganisms including S. mutans, S.
sanguis, A. viscosus, andC. albicans. A similar study by Kaim

et al.53 reported that an antiseptic aloe vera mouthwash
significantly reduces salivary aerobic, micro-aerophilic, and
anaerobic bacteria for up to 2 h. Although the antimicrobial
efficacy of AV in our study was observed to be significantly

lower than CHX, it was comparable to both HP and CPC in
terms of CFU count on Day-4 and inhibition of salivary
bacteria (Day-4 e Day-0). The antimicrobial effects of aloe

vera may be attributed to anthraquinones and aloin de-
rivatives, which facilitate cellular invasion and have potent
antibacterial, antifungal, and antiviral activity. Although

CPC and AV did not significantly differ in antiplaque and
antimicrobial efficacy in the present study, the long-term use
of CPC mouthwash may also lead to staining teeth, tongue,
and restoration.54,55 No such side effects have been reported

for aloe vera.51 The prevalence of side effects for
mouthwashes decreases their acceptability for long-term
use.56
In our study, the clinical and microbial efficacies of all of
the test mouthwashes were clearly demonstrated, and the

microbiological findings supported the clinical data. How-
ever, the study had several limitations. Although the widely
accepted 4-day non-brushing plaque regrowth model adop-

ted in our study has several advantages, it also has a very
short follow-up period, limiting its clinical applicability in
clinical settings in which a mouthwash is used as an adjunct

to mechanical plaque control in general. Few studies
employing the same model have also assessed gingival
inflammation, which was not conducted in this study since
the participants underwent professional oral prophylaxis a

week before commencement.
Further, although dental students have been used as

participants in trials of oral hygiene products in several

studies similar to ours, such a practice limits the external
validity of the study results. Further, the participants in
this clinical trial may have experienced Hawthorne57 and

novelty effects,58 which could contribute to behavioural
changes due to their awareness that they were part of a
clinical trial regardless of the mouthwash they receive.59

In contrast, non-compliance with the proper usage of

mouthwash could also occur. No severe side effects or
adverse events were reported by any of the study partici-
pants, which could be due to the short follow-up duration.

However, additional enquiries on subjective findings such
as taste perception and opinion would have been
beneficial.

Only the salivary bacterial CFU count was assessed,
and bacterial isolation and identification was not con-
ducted separately, which would have provided information

about the antibacterial activity on specific bacteria. Future
studies should conduct a detailed exploration of several
types of periodontal microflora, both in terms of their
number (quantitative) and type (qualitative), in a larger

sample population with varying concentrations of aloe
vera mouthwash to provide greater clarity about aloe
vera’s properties and its possible applications in oral hy-

giene maintenance and periodontal therapy.

Conclusions

In consideration of the limitations of this study, it can be
concluded that the antiplaque and antibacterial efficacy of
mouthwash containing aloe vera was similar to that of

mouthwash containing cetylpyridinium chloride and signifi-
cantly better than mouthwash containing hydrogen
peroxide. Therefore, a mouthwash containing aloe vera may

be a natural alternative to chemically formulated
mouthwashes.
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